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@ High-efficiency direct-current converter. 

@ DC-to-DC converter including a voltage gener- 
ator, a load wtiich is connected in series to the 
generator, an inductor which is connected in series 
to the terminal of a first polarity of the generator and 
to the load, an output capacitor which is connected 
in parallel to the load; the particularity of the con^ 
verter resides in that an autotransformer is inter- 
posed between the inductor and the load and com- 
prises four windings one of the terminals of which is 
connected to a single contact point which is con- 
nected to the inductor; the first and second windings 
are connected to switching means which are con- 
nected to the terminal of a second polarity of the 
generator: the third and fourth windings are con- 
nected to rectifier elements which are conrtected to 
the load; the voltage across the load is a function of 
the open/closed state of the switches. 



i 1 1 ^«/r 


''9- 


I 


Ul 


Rank Xerox (UK) Business'Services 

13.10/3.09/3.3.4) 


BKSOOCID: <EP„ 


JD632571A2:_I_> 


1 


EP 0 632 571 A2 


2 


The present invention relates to a high-effi- 
ciency direct-cunrent converter, better known as 
DC-to-DC converter. 

The use of DC converters is now well-known in 
the field of electronics. DC converters are used in 
devices and circuits whose voltage or current 
source is unsuitable to supply all the components 
or elements included In the device or circuit. 

For example, in digital circuit systems it is 
easy to find a supply voltage of +5V which is not 
suitable to supply an operational amplifier which 
might require a voltage of +15V. 

Known converters are constituted by a con- 
stant-voltage generator and by a load. An output 
capacitor is connected in parallel to the load. An 
inductor and a diode, arranged in series, are 
placed between the generator and the load. One 
terminal of a switch is connected to the contact 
point of the inductor and of the diode, whereas the 
other terminal of the inductor is connected to the 
ground. The switch discharges the inductive en- 
ergy stored in the inductor to prevent the current 
applied across the load from reaching excessive 
values. The desired output voltage is obtained by 
means of the controlled switching of the switch. 

The drawback of these converters is that the 
electronic components handle the entire power 
supplied by the converter. i.e. 

P = VouT X lour 

where Vqut *s the output voltage and lour is the 
output current. These converters accordingly have 
high consumption. 

Since the power supply sources often have a 
short life (e.g. batteries) or there is a need for 
limited consumption, it is desirable to have a DC 
converter that is highly efficient 

Furthermore, there is always the need to have 
DC converters that obtailn the same output char- 
acteristic but subject the components to lower cur- 
rent and voltage values, extending their life or 
requiring components with lower power ratings. 

The aim of the present invention is to provide a 
DC converter which is more efficient than known 
converters. 

Within the scope of this aim, an object of the 
present invention is to provide a DC converter 
which consumes less and requires smaller compo- 
nents with a lower power rating. 

Another object of the present inventton is to 
provide a converter which is highly reliable, rela- 
tively easy to manufacture and at competitive 
costs. 

This aim, tliese objects and others which will 
become apparent hereinafter are achieved by a 
OC-to-DC converter which comprises a voltage 
generator, a load which is connected in series to 


said generator, an inductor whteh is connected in 
series to the terminal of a first polarity of said 
generator and to said load, and an output capacitor 
which is connected in parallel to said load, char- 

6 acterized in that an autotransformer is interposed 
between said inductor and said load, said autotran- 
sformer comprising a first winding, a second wind- 
ing, a third winding and a fourth winding, said 
windings having one of their terminals connected in 

10 a single contact point, said single contact point of 
the windings being connected to said inductor, said 
first and second windings being connected, at their 
other terminal, to switching means which are con- 
nected to the terminal of a second polarity of said 

16 generator, said third winding being connected, at 
its other terminal, to a first rectifier element which 
is connected to said load, said fourth winding being 
connected, at its other terminal, to a second recti- 
fier element which is connected to said load, the 

20 voltage across said load being a function of the 
open/closed state of said switches. 

Further characteristics and advantages of the 
invention will become apparent from the descrip- 
tion of a preferred but not exclusive embodiment of 

25 a DC converter, illustrated only by way of non- 
limitative example in the accompanying drawings, 
wherein: 

figure 1 is an electric diagram of the converter 
according to the present invention; 
30 figure 2 is a plot of the waveforms related to the 
converter according to the present invention; 
figure 3 is a diagram of a second embodiment 
of the converter according to the present inven- 
tion; 

35 figure 4 is a j3lot of the waveforms related to the 
second embodiment of the converter according 
to the present invention, shown in figure 3; 
figure 5 is a diagram of a third embodiment of 
the conyerteir according to the present invention; 
40 figure 6 is a plot of the waveforms related to the 
third embodiment of the converter according to 
the present invention, shown in figure 5. 
Initially with reference to figure 1 , the reference 
numeral i designates the converter according to 
45 the present invention. The power source, consti- 
tuted by a constant-voltage generator, is desig- 
nated by the reference numeral 2. An inductor 3 is 
connected in series to the positive terminal of the 
generator 2. The negative terminal of the generator 
50 2 is connected to the ground. The other terminal of 
the inductor 3 is connected to an autotransformer 4 
with four windings. The autotransformer 4 has four 
windings, designated by N1, N2. N3 and N4 re- 
spectively. The terminals A of the winding N1, B of 
55 the winding N3. E of the winding N2. and A of the 
winding N4 are mutually in phase. The inductor 3 
is connected to a single contact point (A) of a 
tenninal of the windings N1-N4. Moreover, the ratio 
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between the windings N3 and N1 is equal to the 
ratio between the windings N4 and N2. 

The winding N1 is connected to the ground by 
means of a first switch S1. In a similar manner, the 
winding N2 is connected to the ground by means 
of a second switch S2. 

The switches can l^e of any kind, advanta- 
geously of the semiconductor-based kind, either 
voltage-controlled or current-controlled. 

The switches are driven by driver means 5 
which can be constituted by a PWM modulator 
which generates signals for activating the switches. 

The winding N3 is connected to the anode of a 
first diode D1 . in a similar manner, the winding N4 
is connected to the anode of a second dkxle 02. 
The cathodes of the two diodes D1 and D2 are 
connected to a load Rl which is connected to the 
ground. 

The diodes D1 and 02 can be replaced with 
rectifier semiconductors having different character- 
istics. 

The terminals of the windings N3 and N4 which 
are not connected to the point A are designated by 
B and C respectively. 

The terminals of the windings N1 and N2 which 
are not connected to the point A are designated by 
D and E respectively. 

An output capacitor Cqut is arranged in parallel 
to the load Rl. 

The steady-state operation of the device is as 
follows. With reference to figures 1 and 2, at a time 
T = To the switch SI is closed, thus allowing cur- 
rent to circulate in the winding N1, This current 
increases with a gradient that is limited by the 
presence of the inductor 3 and starts with a step 
that depends on the value of the current of the toad 
II (see figure 2). 

During the interval Ta = Ti-To the following volt- 
age is present across the winding N3: 

VfiA = Vad X n 

where n = N3/N1 = N4/N2: in other words, the 
turns ratio of the transformer 4, Vba is the voltage 
across the winding N3. and Vad «s the voltage 
across the winding N1 , which can be defined as: 

Vad = Vout/(1 + n) 

The sum of the voltages Vba aaoss the winding N3 
and Vad across the winding Nl is rectified by the 
first diode D1 and applied to the load, raising said 
voltage at the load Vqut to a value that is higher 
than the Input voltage Vqc- 

During a second interval Tb = T2-Ti. both 
switches SI and S2 are open. The input current Iin 
continues to flow in the inductor 3 and then divides 
between the two branches related to the diodes D1 


and D2 and the windings N3 and N4. The energy 
stored by the Inductor 3 during the period Ta = Ti- 
To is entirely transferred in output, i.e. on the load 

5 During a third interval Tc = T3-T2 the switch S2 

is closed while the switch SI is open, thus allowing 
current to circulate in the winding N2. Said current 
increases with a gradient that is limited by the 
presence of the inductor 3 and starts with a step 

10 that depends on the load current value. Lil<e the 
period Ta=Ti-To. the voltage present across the 
winding N4 iis 

VcA = VAExn 

15 

where n = N3/N4 = N4/N2. i^. the turns ratio of 
the transformer 4, and Vqa is the voltage across the 
winding N4, whereas Vae is the voltage across the 
wirujing N2. 

20 Said voltage is rectified by the diode 02 and is 

applied to the load Rl, thus increasing the vaiiie of 
the voltage on the load Vqut- 

During a fourth interval To = T4-T3. l50th switch- 
es SI and S2 are open and what has already been 

25 descril>ed in the interval Tb=T2-Ti reoccurs. 

Assuming To =0. and with an appropriate 
choice of the ratio D=Ti/T4 and of n. the voltage 
on the load Vqut can reach any value above the 
input voltage Vqc according to the expression 

30 

VouT = Vccxil +XnxD)] 

Rgure 3 illustrates another embodiment of the 
DC-to-DC converter, according to the same inven- 
ts tive concept as the present inventton. Wliereas 
figure 1 shows a push-pull converter, figure 3 
shows a forward converter. 

The different of this embodinr^ent with respect 
to the embodiment of figure 1 resides in the fact 
4o that the second switch SI is replaced with a diode 
D3 and that the winding N4 is not provided. The 
anode of the diode D3 is connected to the ground 
(and to the negative temninal of the voltage gener- 
ator 2). whereas the cathode is connected to the 
45 winding N2*. 

Steady-state operation of this second embodi- 
ment is as follows. With reference to the al)Ove 
descrit)ed figures 3 and 4. like in the push-pull 
embodiment, at a time T = To the switch S1 is 
50 closed, thus allowing current to circulate in the 
winding Nl. Said current increases with a gradient 
that is limited by the presence of the inductor 3 
and starts with a step that depends on the value of 
the current of the load II (see figure 4). 
55 During the interval Ta =Ti-To across the wind- 

ing N3 there is a voltage 

Vb a =Va o* X n 
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where n = N3VNV. i.e. the turns ratio Vb a- of the 
transformer 4 is the voltage across the winding N3*. 
and Vad" voltage across the winding NV. 

which is defined as 

Vao' = VouT^(1 + n) 

The sum of the voltages Vb a- across the wind- 
ing N3* and Vao- across the winding NV is rectified 
by the first diode DV and applied to the load, 
raising said voltage at the load Vqut to a value that 
is higher than the input voltage Vex:- 

During the two subsequent intervals Tb- -T2-T1 
and Tc =T3-T2 (see figure 4) the switch Si is open 
and the input current I,n continues to flow in the 
inductor 3 and is then divided between the two 
branches related to the diodes DV and D2', where- 
as the energy stored by the inductor 3 during the 
interval Ta^ =Ti.To is fully transferred onto the load 

Furthermore, during the interval Tb =T2-Ti. 
due to the opening of the switch SI and to the 
consequent reversal of the voltage Va d-, across the 
winding NV the energy of the transformer 4 is 
discharged across the diode D3. 

AssumirHJ To=0. and with an appropriate 
choice of the ratio D = Ti/T3 and of n, the voltage 
across the load Vqut can reach any value above 
the input voltage Vcc, as for the push-pull con- 
verter, according to the expression 
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VouT*Vccx[1 + (nxD)] 

Figure 5 illustrates a third embodiment of the 
DC-to-DC converter according to the same inven- 
tive concept of the present invention. 

The difference of this embodiment with respect 
to the one shown in figure 1 consists in not provid- 
ing the windings N3 and N4 and in connecting the 
terminals of the windings NV and N2" that are not 
connected to the single contact point (A") of the 
windings to the load Rl by means of the diodes 
DV and D2" respectively. The anode of the diode 
DV is connected to the terminal D" of the winding 
NV, whereas the cathode of DV is connected to 
the load Rl- In a similar manner, the anode of the 
diode D2" is connected to the tenminal E" of the 
winding N2". whereas the cathode of D2" is con- 
nected to the load Rl- The turns ratio of the trans- 
fomier 4 is equal to 1, i.e. NV= N2". The terminal 
of the winding N1" which is connected to the point 
A" and the terminal E" of the winding N2" are 
mutually in phase. 

The operation of this third embodiment is as 

follows. 

With reference to the above figures 5 and 6. 
like the embodiment of figure 1. at a time T=To 


the switch 81 is closed, thus allowing current to 
circulate in the winding NV. Said current rises with 
a gradient that is limited by the presence of the 
inductor 3 and starts with a step that depends on 
the value of the power controlled by the circuit 

involved. , . 

During the interval Ta" = Ti-To the following 
voltage is present across the winding N2": 

Ve"A" = Va;o" X n 

where Ve-a- is the voltage across the winding N2". 
Va"d" is voltage across the winding NV. and n 
is equal to N2"/NV. i.e. the turns ratio of the 
transformer 4. which in this case is equal to 1. 
Accordingly, the voltage at the point A" defined as 

Va" = Vout/(1 + n) 


20 becomes 

Va.=Vout^2 

The sum of the voltages Ve-a- across ttie wind- 
ing N2" and Va-d- across the winding NV is recti- 
fied by the second diode D2" and applied to the 
load, raising said voltage at the load Vqut to a 
value that is higher than the input voltage Vcc- 

During a second interval TB—T2-T1 both 
switches SI and S2 are open. The input current 1,n 
continues to flow in the inductor 3 and is then 
divided between the two branches related to the 
diodes DV and D2" and the windings N3" and 
N4". The energy stored by the inductor 3 during 
the period Ta=Ti-To is entirely transfen^ed to the 
output. I.e. to the load Rl- 

During a third interval Tc =T3-T2 the switch S2 
is closed, whereas the switch SI is open, thus 
allowing current to circulate in the winding N2". 
Said current rises with a gradient that is limited by 
the presence of the inductor 3 and starts with a 
step that depends on the value of the load current. 
As in the interval Ta.=Ti-To. the following voitage 
is present across the winding N4": 

Viy-A" = Va"e ■ X n 

where Vo- a" »s the voltage across the winding N1". 
Va-e" is the voltage across the winding N2". and n 
is the turns ratio of the transformer 4. i.e. 
N2"/N1" = 1. Accordingly, the voltage at the point A 
is defined, as in the interval Ta"=Ti-To, as: 


25 


30 


35 


40 


SO 


55 


Va = Vout/(1 + n) = Vout/2 

The voltage ViyA- across the winding NV is 
rectified by the first diode DV and. as in the case 
of Ta"=Ti-To. applied to the load, raising said 
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voltage at the load Vqut to a value that is higher 
than the Input voltage Vcc- 

During a fourth Interval Td" = T4-T3. both 
switches SI an6 S2 are open and the conditions 
already described in the period Tb" = T2-Ti 5 
reoccur. 

Assuming To = 0, and with an appropriate 
choice of the ratio D = Ti/T4 and of n. the voltage 
across the load Vqut can reach any value between 
the input voltage Vqc and a voltage V = 2 x Vcc. 
according to the expression 

VooT = Vccx(1 + D) 

With respect to known DC-to-DC converters. is 
the converters according to the present Invention 
offer the advantage that they produce an output 
voltage Vqut that is always higher than the input 
voltage Vcc. making the adjustment switch control 
only the power difference defined as 20 

P = (Vqut - Vcc) X lour 

where Iqut is the output current applied to the load, 
whereas known converters make the adjustment 25 
switch control the entire power applied to the load, 
which Is 

P = VoutxIout 

30 

pointing out the higher efficiency of the converters 
according to the present invention. The converters 
thus conceived allow to use components having a 
lower power rating and smaller dimensions and at 
the same time the consumption of the converters is 3S 
reduced. 

Furthermore, as shown in figures 2, 4 and 6, 
witii respect to the known topology of CX)-to-DC 
converters the output current ripple Iqut is much 
smaller, with a lower electrical stress in the output 40 
capacitor Cqut and a lower voltage ripple in equal 
conditions. 

The invention thus conceived is susceptible to 
numerous modifications and variations, all of which 
are within the scope of the inventive concept. 45 

Rnally, all the details may be replaced with 
other technically equivalent ones. 

In practice, the materials employed, as well as 
the shapes and dimensions, may be any according 
to the requirements without thereby abandoning the so 
protective scope of the following claims. 

Where technical features mentioned in any 
claim are followed by reference signs, those refer- 
ence signs have been included for the sole pur- 
pose of increasing the intelligibility of the claims 55 
and accordingly such reference signs do not have 
any limiting effect on the scope of each element 
identified by way of example by such refererK^e 


signs. 
Claims 

1. DC-to^DC converter whk:h comprises: 

— a voltage generator. 

— a load which is connected in series to 
said generator. 

— an inductor which is connected in series 
to 'the terminal of ia first polarity of said 
generator and to said load, 

— an output capacitor which is connected in 
parallel to said load, 

characterized in that an autotransformer is 
interposed between said inductor and said 
load, said autotransformer comprising a first 
winding, a second winding, a third winding and 
a fourth winding, said windings having one of 
their terminals connected in a single contact 
point. 

— said single contact point of the windings 
being connected to said inductor, 

— said first and second windings being con- 
nected, at their other terminal, to switching 
means which are connected to the terminal 
of a second polarity of said generator. 

— said third winding fc>6ing connected, at its 
other terminal, to a first rectifier element 
which is connected to saki load, 

— said fourth winding t)eing connected, at 
its other terminal, to a second rectifier ele- 
ment which is connected to said load, 

the voltage across said load being a func- 
tion of the open/closed state of ^d switches. 

2. DC-to-DC converter which comprises: 

— a voltage generator, 

— a load which is connected in series to 
said generator. 

— an inductor which is connected in series 
to the terminal of a first polarity of sakl 
generator and to said load, 

— an output capacitor which is connected In 
parallel to said load, 

characterized in that an autotransformer is 
interposed between said inductor and said 
load, said autotransformer comprising a first 
and a second windings having one of their 
terminals connected in a single contact point. 

— said single contact point of the windings 
t)eing connected to said Inductor, 

— said first and second windings bemg con- 
nected, at their other terminal, to switching 
means which are connected to the terminal 
of a second polarity of said generator. 

— said first and second windings t>eing con- 
nected, at said other terminal, to a first and 
a second rectifier elements which are con- 
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nected to said load, 

the voltage across said load being a func- 
tion of the open/closed state of said switches. 

3. Converter according to claim 2, characterized 5 
in that said switching means comprise a first 
switch which is interposed between said first 
winding and said terminal of a first polarity of 
said generator and a second switch which is 
interposed between said second winding and to 
said terminal of a first polarity of said gener- 
ator. 

4. Converter according to one or more of the 
preceding claims, characterized in that it com- 76 
prises means for controlling said switching 
means that provide four switching states which 
occur in four successive intervals, wherein: 

- during ^e first time interval said first 
switch is closed and said second switch is 20 
open; 

- during the second time inten^al said 
switches are open; 

- during the third tinr^ interval said first 
switch is open and said second switch is 25 
closed; 

- during the fourth time interval said two 
switches are open; 

the voltage across said load being a func- 
tion of the duration of said intervals. 30 

5- Converter according to one or more of the 
preceding claims, characterized in that said 
first and third windings belong to a first phase 

and said second and fourth windings belong to 36 
a second phase which is opposite to said first 
phase. 

6- Converter according to one or more of the 
preceding claims, characterized in that said 40 
first winding belongs to a first phase and said 
second winding belongs to a second phase 
which is opposite to said first phase. 

7. Converter according to one or more of the 45 
preceding claims, characterized in that the an- 
ode of said first and second rectifier elements 
is connected to said third and fourth windings, 
the cathodes of said rectifier elements be'mg 
connected to said load. ^ 

& Converter according to one or more of the 
preceding claims, characterized in that the an- 
ode of said first and second rectifier elements 
is connected to said first and second windings, 55 
the cathodes of said rectifier elements being 
connected to said load. 


L DC-to-DC converter which comprises: 

- a voltage generator, 

- a load which is connected In series to 
said generator, 

- an inductor which is connected in series 
to the terminal of a first polarity of said 
generator and to said load, 

- an output capacitor which is connected in 
parallel to said load. 

characterized in that an autotransformer is 
interposed between said inductor and said 
load, said autotransformer comprising a first 
winding, a second winding and a third winding, 
said windings having one of their terminals 
connected in a single contact point, 

- said single contact point of the windings 
toeing connected to said inductor, 

- said first winding being connected, at its 
other terminal, to switching means which 
are connected to the terminal of a second 
polarity of said generator. 

- said second winding being connected, at 
its other terminal, to a third rectifier element 
which is connected to the terminal of said 
second polarity of said generator, 

- said third winding being connected, at its 
other terminal, to a first rectifier element 
which is connected to said load. 

- said single contact point being connected 
to a second rectifier element which is con- 
nected to said load, 

the voltage across said load being a func- 
tion of the open/closed state of said switches. 

ia Converter according to claim 9, characterized 
in that said switching means comprise a switeh 
which is interposed between said first winding 
and said temninal of a first polarity of said 
generator. 

11. Converter according to one or more of the 
preceding claims, characterized in that it com- 
prises means for controlling said switching 
means which provide four switching states 
which occur in four successive intervals, 
wherein: 

- during the first time interval said switch is 
closed; 

- during the second time interval said 
switch is open, allowing to discharge the 
energy of said autotransformer across said 
third diode; 

the voltage across said load being a func- 
tion of the duration of said intervals. 

12. Converter according to one or more of the 
preceding claims, characterized in that said 
first and third windings belong to a first phase 
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and said second winding belongs to a second 
phase which is opposite to said first phase. 

13. Converter according to one or nnore of the 
preceding claims, characterized in that said 5 
first polarity of said generator is positive and 
said second polarity is negative. 

14, Converter according to one or more of the 
preceding claims, characterized in that said io 
terminal of a second polarity of said generator 

is connected to the ground. 

15- Converter according to one or more of the 

preceding claims, characterized in that said is 
rectifier elements are semiconductor-based 
rectifiers. 

16, Converter according to one or more of the 
preceding claims, characterized in that said 20 
rectifier elements are diodes. 

17. Converter according to one or more of the 
preceding claims, characterized in that the an- 
ode of said first and second rectifier elements 25 
is connected to said third and fourth windings. 

the cathodes of said rectifier elements being 
connected to said load, the anode of said third 
diode being connected to said terminal of a 
second F>olarity of said generator and the cath- 30 
ode of said third diode being connected to said 
second winding. 

35 


40 


45 


so 
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(54) High-efficiency direct-current converter 

(57) DC-to-DC converter including a voltage gener- 
ator, a load which is connected in series to the generator, 
an inductor which is connected in series to the terminal 
of a first polarity of the generator and to the load, an out- 
put capacitor which is connected in parallel to the load; 
the particularity of the converter resides in that an 
autotransformer is interposed between the inductor and 
the load and comprises four windings one of the termi- 


nals of which is connected to a single contact point which 
is connected to the inductor; the first and second wind- 
ings are connected to switching means which are con- 
nected to the terminal of a second polarity of the 
generator; the third and fourth windings are connected 
to rectifier elements which are connected to the load; the 
voltage across the load is a function of the open/closed 
state of the switches. 
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